FRQfl GRflVHtLL SLflCKHgflr TO 31817163529834 

Bes^^ailable Gopy 


ft m UK Patent 18? 3i4„3,B 


(>4) TTliiOf invention 

Radiant heating systerns 

(51) IKtCi*; fnQAW2 mm ........ : 


(21) Apportion No 

(22) 0*1* of fang 
9 Apr 1986 

(43) Acorcaibn pubtaned 

21 Oot 1087 

(4S) Patont pybr*b«d. 
22Nov1$d3 


(52) Do.a«*tfc classification 
(Edition J) 
F4TTE3 

F4S S41US41M21S41M6 
U1SS1970 

(So) Oocumonu citod 
Nont 

(53) Field 

A* for published appfcation 
21393HAvir 
UKCLF4T 
INTCL* F230 
vpdctod aa appropriate 


(73) Prcprieton;*) 
Oay.hW Blaokhoat Ltd 

(Incorporated fn Unltad 

wngcom). 

■ Unll J 
13 Cobham Road 
Ftrrrtown Industrial Eat»t« 
VYImbourna- 

Oor««t aH21 7PE 

(72) Invontor(e) 
Swpnan Halt 

(74) Agent andA>i 
Addra«$tnr S»n/ir» 
C«ipnu«ls 4 Ransford 
43 Bloomsbury Squaro 
London WC1A 2flA 



* — ^ 


21SD314 

Radiant Heating Syctans 

The prARflnt .invention relates to heating, eye terns, 
comprising at least, one tube, & burner for . supplying. ■ 
combustion products to *h« tube, and a. £an. for; drawing : ; 
the combustion, products through* the tube. v . ; The. 
5 combustion products heat the tubes to a temperature at... 

. which they radiate infra-red energy.. . v-:, • 

Originally infra-red radiant devices were only 
uccd in industrial appliances cuch as ovens. ' Such 
devices radiated energy in the.upper. infra-red • . 
TO regions. • At this stage domestic or industrial space 

heatiuy devices generally relied on conduction;, or 
convection and utilized very little, -.if '.any y radiation 
for heating. l ' t 

Recently, efficient spacp hp^f ing has been 
IS achieved using devices which" radiate infra-red energy-' 

Such devices are energy efficient' in that* f.hp.y : h«at 
directly the objects on which the radiation impinges: 
with little loss. of energy to the air between the 
device and the object to be heated. The object may 
20 absorb the radiated enerqy, conduct It to other objects. . 

to be heated, or re-radiate- it onto other, objects 

Use of infra-red' radiatinq* devices can be very 
energy-efficient, ?inca it can minimise heat losses to 
Lhe i>mroui;dii;y aix. , especially- roof spaces, and can , 
2S reduce the creation of draughts. 

At its simplest/ an infra-red radiant heatiny 
system comprises a single fnhp having at on* end a 
burner and at its other end a. fan. The fan draws, the 
combustion products irora the burner along the tube, '■' 
30 which ic thereby heated to a temperature at which it' 

radiates infra-red energy. Generally, a reflector will, 
be mounted adjacent the tube for. directing the radiant ■ 
energy to the area it is desired to heat.,: ■ 
3 - A more, compact system can be provided by use of 
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tuhe thi6 anablp* the "fan and the burner, to 
a U— snawe tune. . . 

«f the device, with tne bend , 
be located at the same end or tn« cevica, ... .. .. 

of the tube at the opposite. end.--;such ah arrangement; 

• •„ • ' CB-A-1 : 31S 685. -.It is also 

is shown, for exauiyle, in cb ft a ^ . ^ 

possible to mount the tan and the. burner; in ; x sxngle 

assembly- . . 

Use of single tubes, Whether straight, or 

U-shape, can be relatively inefficient,' since it 
requires a number or devices" to- heat a laxge-rea.. . 
This in turn requires, the us* ot,a.nu,ber of «- 
associated connections and controls. . . 

This drawback can h« avoided by the. use . o. a .. 
eonnacted systea of tube,, for instance of . the type 
15 scribed in CB-A-2 107/55.. In -suclv a system, a 

number or tubes are. connected to. a single tan for _ 
drawing combustion products therethrough. The problem 
° ia «.v„*. rpouir^S a number 

within a conneuued system « ^at > . «qulr-S ■. 

of burners in the tubes to enkure. that all tha- tubes 
20 . ar « heated c« the necessary tempe^ure. To 

that the fuel i« properly coasted in each', burner ^ . 
is necessary to include in the tubes various Uppers to 
regulate the eftect of the fan and to ensure that 
sufficient air is supplied to each ourner . .; ■ . ■ 

25 

Since combustion mft iciency . depends on ma.cha.ri, 
a«r flnw rate and fuel supply-rate with heater • ; 

dimensions, it has not previously been P^^' 
modulete continuously the *U -poly rate to .-ch .the. 
30 desired radiant he*r output and -lutein combustion 
«f ficiency. 

TBererore *oat radiant. W.ing systaas. operate 
,„ an Woff ^.i... This «m * , 

th. op.r»*1«> of such sy»«*> « ln ""^ > M . 
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555, th* hurrmrs always operate at a predetermined single 
j heat output. • ; : . • 

^/ It is therefore an aim of the present -invention to 

provide a radiant heating system". which preferably has an 
5 -automatically ad j us table heat ? output. ' 

Tha present invention providec a. radiant heating- 
system comprising a tube, a burner: for supplying, combustion 
products to the tuba, and a fan.- for -dr^wi^g/ the/; combustion 
products through the tube, and at least on^ : svirler (or heat 
10 . transfer plate) within the tube," the. burner b«ing. connected 
. to it3 fuel supply through a. .first aperture and' 'a second 
aperture at a dual aperture valve* whereby, . during operation 
of the burner, tho first aperture provides .on/off fuel 
supply to the burner, and che second aperture controls, cne. 
IS rata of fual supply to tha burner. 

Preferably the fan is u£ variable speed to maximise 
-combustion *ffici<*ncy. 

The fuel, supply may be variable stepwise, ; for 
instance in a high/ low fashion,, or continuously batveen zero 
20 and a predetermined maximum, by the operation, af . the second 

aperture. "7 V 

It is believed" that the present system operates on- ' 
the following principle, although the Applicants do not wish . 
to ba limited' by tho following explanation. 

25 It is well known, that the amount, of energy radiated . 

by a body ic related to tha fourth power of itc temperature,' 
i.e. Q-fcT 4 , where Q is the amount of eneryy, k Is a constant 
and T is the absoluta t«mp«ratur«\ of the body. ; If tha 
temperature is relatively low, » there is ■ very: .'little, heat ' 

30 radiated. it the temperature .is . relatively high, the 
material from which the body is made may begin to degrade. 
It can thus be seen that there is. only a relatively narrow. 
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band of .r«mp«ratures. in which a .radiant heater will 
produce sufficient radiant heat to be effective in 
55p^cR heating without, destroying.. the. material or which. 

the body is formed,, • ' 

conventional . radiant. .heating systems have, been 
operated with a preset fueL supply, which, maintains the 
temperature of the majority of'the tube within. the.' 
useful radiating range. However.*, any -attempt**'. . to , : ; 
modulate Lhis fuel- supply resulted in.. the ./temper a Lure-, 
of the majority of the ruh« .fa.M ing b«low tht* hxefnl 
radialing range. Uence these systems were operated on. 
the on/off principle, ;> . ...... 

It is believed, that in\ thc sy3tem ; of the present 
IS invention, wnen operating at , a low f uer .supply, rate.. 

the combustion of the fuel/ ;in* con junction with the", 
effects of the or each svirier/or heat transfer place' 
maintains the temperature of the. majority of the tube 
in the useful radiating range, ' while the. high rate of 
?0 fuel supply can be used to raise the tube temperature a 

desired euuuuuL wiihcmu raising iL above; liie useful' 
radiating range. ■ ■'" ■ 

Ia a preferred* embodiment/, the dual aperture 
valve is electrically or ^lpcfron.i caj ly. control IpH . 
25 ror instance, the opening of both, the apertures may be 

UnVorf ro the operation ot the tan, whereby they may 
only be opened when the fan. is; operating. Their 
opening may also oe linked to; a* flame detector , whereby 
they may only be opened when the pilot. 'flame is burning. 
30 xhe opening of the secbnd 'aperture.'may be linXed. 

to a thermostat. In one embodiment, the second 
aperture may be open when the -thermostat teinutrxature is* 
below a preset limit and closed . when it ;is. above this ■ ' 
35 limit- Thus, the second aperture way tie opened to 
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alluw wahanced heating at an initial stage, which- is 
then, switched to a low«r degrfte of . heating at the 
preset temperature. . : . : 

In an alternative embodiment,, the opening , of . the. 
5 second aperture ic variable and is linked to . ; the 

thermostat whereby. its degree of opening is^ihversely 
related to* texaperaturo within the area to be heated. 

The present invention may, be applied- 'to straight 
tube, U-shape tube or continuous tube typjr radiant '■ 

10 heating systems, and may there£uxe : include any of the 
f*atnrftfi, in particular . the safety features,. ..used in ' . 
such systems. Typically the system of the present 
invention will include at Uasf one reflector for 
directing heat to the desired area. 

15 The burner of the present system may bpftraf.p cm" 

liquid or gaeeouc fuel, but preferably operates on 
gaseous fuel, such as natural gas or . bottled gas . * 

A subjective measurcmcnt.-of .the efficiency of a 
heating system is the "comfort level". This is a 

20 combination of many features, such ac radiant; heat 

received/ air temperature, and amount . of draughts . The 
system of the present invention allows a reasonable 
comfort level to be obtciued at much lower air 
t-pmpp-raHirAS t-han is usual for convection or conduction 

2* systems . 

For instance, a factory spacA may he at a., 
temperature of between 0. and 10 °C. at the beginning of 
a working day. unce the radiant heating system of the^ 
present invention is set going, -with both apertures, 
open/ the amount of radiant heat" received will be high, 
the air temperature will be low and the amount of 
draughts will be low, leading to an acceptable, comfort 
level, 

Once th* air temperature . has reached,, for 
instance, 10 °C the second aperture may close, thus 
reducing the amount of radiated heat received, which 


30 
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n^y be Decerning less than acceptable to a P««»n in'tho 
area. Hovavar, th* reduction. Will only occur with the : 
increase in air temperature ,' : and. thus maintainenc*. of . 
the desired comfort level wili.be achieved. ■ ' 

The waintainencc of the comfort \ level .can be . .. 
more readily achieved by us e of; a. continuously variable 
second aperture, and, if desired, could b« manually 

adjustable. • ■ ? \ 

10 one embodiment of a radiant heating - system. 

according to the present invention i, now ;dcecribed ; ,by 
way of example only; with reference to the accompany j-ucj 

drawings, in which: V- 
Figure 1 shows the system diagraflunatically;. and 

Figure 2 shows an enlarged view ..of parf of • 

svetes chowr. in Figure 1. ' - ; 

Referring now to Figure .1, the system of the 
present invention comprises . a U-shaye steel tube l- At 
one end of the tube- 1 i« * which r*»*«s a t low- of 

gas in th« direction marked; bv the arrows in the tuoe. 
At. the other end of the tube 1 t* * burner S... The tube 
1 h* s a reriector (not shown), around it.for direct-ng ; 
radier.t heat to a desired location and a swirler (not 
shewn) for aiaxiinisiay radiant, efficiency . 

The burner 5 include*...*' pilot burner, which is 
supplied With gas along line 7, and an electronic' . 
ignition therefor. The burner. S also Includes 
burner, air supplies for the .pilot burner and: th« main 
burner, and a flame detector: for detecting the pilot 
flane. These are conventional" items and »>«. not 

described in details 

The burner 5 is provided with Tine S tor 
supplying gas to the main burner. The lines 7. and. 9 
pass through electrically control Ud valves- 11 and 12 
respectively. 
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The system includes one Oi more .a thermostats 14,. 
the fan 3, the electronic ignition, the flame detector . 
and the valves 11 and 12, all op«rativeiy .connected to , 
a microprocessor control unit: 17.. 

The electrically controlled valve 12 is. shown- in. 
more detail in Figure- 2, to which reference is now also., 
made. M 

The valve 12 comprises a. housing 21 having in, it. : 
an inlAt 01 for connection to . a. cjae- aupply line 25 and : 
an outlet 27 for connection to*' line 9 . .... The inlet 23 
separated from the outlet by a valve blocfc 29 in which. ' 
are provided two apertures 31 and 33. 

The aperture 31 is rinsed by valve, dice 3 5 -.and. 
is normally held closed by spring action but can be 
opened by solenoid 39 opera fcivply. connected to the 
microproceccor 17 by line 43 

Aperture 32 includes a web 45. In. normal use, 
to provide a low flow race, the aperture 33 is closed 
hy valve disc 37 and is held closed by spring action. 
However, in this "closed" position gas is aoie to we«p 
through an orifice 47 in the web at the low flow rate* 
To provide the hiyh flow rate,, the valve, disc i7 is 
moved against* hhp spring action' by solenoid 41 which is 
operatively connected! to the miexoprocessor 17 by line • 
43. ' . - . ..... • '; ; 

A valve of this type is commercially available 
as a "Series 24 uouble Valve" : from Tpnknigas Ltd, pf 
Charleswoods Place, East Crinstead." 

. t^jl sec the system in operation, the 
microprocessor 17 ic activated- to .set the fan 3. going. 
Once the Ian 3 is determined to be operating correctly, 
th« pilot valve 11 and the electronic ignition are 
activated. If af Lei a. predetermined time the flame 
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dctcctor does not detect rhtt *xi ptence oi " a' pilot flame, 
in tne pilot burner, the system shuts. down. Otherwise, 
the. microprocessor 17 causes .both. -the apertures 31 and : 
33 in Che valve 12 to open. Gas. ic therefore .drawn : . 
into the main burner wherein. is^ignited. by the pilot, 
flame Cor, if no pilot valvoic U4!ad. . by .direct 

eJpctric sparX). 

The main burner thus. produces a. stream of 
comoustion products at a temperature of about lOOO-C, . 
These arc cwept through the Vobe . 1 "and ;h«*> the tuDe.to' 
the temperatures indicated thereon. . .At. these . 
temperatures, the; majority of the' tube:.; Remits, 
effective ouauCiLies of thermal energy as. i;nfra-red 

radiation. 

The cooled combustion, products are exhausted by 
the f»n 3 and any fie used, for instance, for* he- tin* . 
water or for preheating the air being fed to the burner 

5. ".. . : .' . .-" 

Once the thermostat. 14 indicates that thp air 
teracerature has reached a preset level, the 
microprocessor 17 operates . to. close thP spcond aperture, 
jj. This reduces the amount, .of gas supplied to the 
main burner, which .therefor*, produces less heat . .: The 
temperature of the Cube 1 will-therefore decrease ;. 
slightly, but not sufficiently, to recuce the efficiency, 
of the radiation in beating/ the ..area-' to which, it is .■ 

directed. •■ •; ; . /. 

The system described, above may be changed, to a 

30 continuously variable system- by replacing the v*lve 

disc 37 by a tapered member which will allow the tfegrp* 
of opening of the- aperture to be vaxied continuously in 
accordance with control signals from the microprocessor 
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It will be appreciated ; that the present 
invention hac boon described above by vay of example 
only/ and that modifications .can pe'. made within, trie 
scope of the invention. In particular, the above . 
described system can readily be adapted for use with 
straight or continuous tube systems. ..... 
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1. A radiant heating.: system' comprising a tuae, . a 
burner for supplying combustion products -to the tube,' a fan 

b for drawing the combustion* products; through.. the tube, and at 
least one swirler (or heat transfer -plate J within the. tube, 
the burner b«ing connected' to its fuel supply throuyh 
first aperture and a second aperturR.. nf ,a dual aperture 
valve, whereby, during operation /of the burner, the. first 
10 aperture provides on/off fuel supply to the burner, ana the 
second aperture controls the rate of . fucT .supply to the 
burner. 

2. Tha system of claim 1, wherein: the fan is of 
variable speed Co maximise combustion efficiency.. 

lS 2. The system of claim- 1. or claim 2 . wherein . the- 

fuel supply is variable stepwise by the operation .of. the 
second aperture. 

4. The system, of clai»^ 1. or claim 2,. ' wherein the 
fuei supply is variable continuously between zero and- a-. 

20 predetermined maximum by the' operation/ of the . second- 
aperture. ; ; v, 

5. The system of any one of claims i" to 4, wherein 
che dual aperture valve is electrically or electronically 
controlled - 

25 6. The system uf any cine uf claims 1 to 3 , wherej.ru 

the opening of both the apertures, is linked to the operation 
of the fan, whereby they may .only be opened when the. fen is\ 

operating. ' -r : 

7. The system of any one" of claims 1 to 6, wherein 
30 the opening or both apertures is linked to a flame detector, 

whereby they may be opened when the pilot flame is burning. 

8. The system of any one of claims 1 to 7, wherein 
the opening of the second aperture * is linked to a 
thermostat. 
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9* The system of claim 8, wherein the second 

aperture is open when the thermostat temperature is 
below a preset limit and closed when it- IS., above tnis . 
s limit. 

10. The system of claim 8, wherein the. opening of. 
the second aperture is vari ablft and. is linked to the . 
thermostat whereby its degree of opening is inversely 
related to the temperature within* .the. area to . be: heated. 

11. The system of any one of claims/l" co-LO,'. which ' 
10 includes at least one reflector for directing .heat to. .-the' 

desired area. . 

12. A radiant neatin£ system, 'substantially as V 
hereinbefore described with reference to the 
accompanying drawings. ' ..• 


